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(54) CnOCOB OBHAPy)KEHHR B3Pb!BWA- 
TblX BELMECTB C HCnO/lb30BAHMEM 
flflEPHOrO KBAflPynO/lbHOrO PE30- 

— HAHGA - 

(57) Mcnonb30BaMne: npu t3mo>k6h hom koht- 
po/ie no3eonneT o6HapyxwBaTb CKpwTwe 3a- 
K/iaAKM B3pwBHaTwx aemecTB b Ma/)ora6a- 
piiTHbix ynaKOBKax. CymHOCTb n3o6peTeHM«: 
o6nyHa.K)T o6c/ieAyeMbi* npe^MeT Ha sacTOTe 
HKP AByMR MHoroMMny/ibCMbiMM nocneAoaa- 

Te/lbHOCT»MH. OT/lMHa»OlUHMMCfl <J>a30W paAwo- 

MaCTOTMoro 3ano/iHeHwji, ocymecTB/iaiOT 
noc/ieayioinee HaKon/ienMe curHana m ero 06- 
paSoTKy. 1 wn. 



Cnoco6 npeAHa3HaMeH a/i« o6Hapy^KeHnn 

CKpblTUX 3dK/iaAOK 83pWBHaTblX BemeCTB (BB) 
H MOXeT 6b<Tb MCnO/)b30B3H npi/l TaMOXeHHOM 

AOCMOTpe, 8 KpwMWHa/iHCTMKe n b ApyrHx cny- 
saax. xorAa Tpe6yeTcn onpeflennTb Ha/iMMne 
BB BHyTpM npeAM.eTOB 6ea HapyiueHnq ue/io- 

GTHOCTH 060/VOMKH. 

Ue/ibn3o6peTe«Mfl - coKpameHne BpeMe- 
mm o6c/ieAoaaHMfl npn coxpaHeHnn bwcokow 
AocTosepHOCTM o6Hapy>KeHMfl. 

Ha neprexe npiiBeAeHa CTpyKTypHaw cxe- 
na MaKera yciportCTBa, pea/iM3y»omero npeA- 
/laraeMbiii cnoco6.- 

.MaxeT ycTpo^CTBa Ha nepiexe paSoTaer 
c/ieAyK>mnM o6pa30M. CnHTe3aTop MaooTbi 
(CM) 1 (nanpuMep. Tuna H6-31)Bwpa6aTbieaeT 
Kone6aHM« c MacTOTotf 2 f 0 . 6/iW3Kofi ic yABoefc- 
hom nacTOTe HKP BB. noctynaiqiUMe Ha a6/)m- 
Te/ib 2. BwnonHeHHUM Ha Tpurrepax. C 
bwxoaob Ae/JHTena 2 KO/ie6aHM* c sacTOTOM f 0 
c 0a33MH <p = 0° m * 180° noAaK)TCfl na 
MynbTun/ieiccop 3. Kofopbii/i nponycxaeT Ha bu- 

XOA' KG/ie6aHMH C OAHOrt m3 (J) a3 B 33BHCWM0CTM . 



ot ynpaB/iq»oaiero cwrHana. Bwpa6aTbiBaeMo- 
ro ycTpoficTBOM ynpaaneHMfl u o6p36otkw 
ABhhwx (yyOfl), b xaMecTse KOTdporo ncno/ib- 
30Ba/iacb 3BM Tuna IN-1200 (OpaHuwfl). 
cPopMnpoBaTe^b paA^OMMny/ibcOB A no cwr- 
HanaM ot YVOJ\ <J)opMupyeT u 3 nenpepuBHux 
Kone6aHMM ceputo KorepenTHbix paA"OHM- 
nynbCOBCA/iMTe/ibHOcibKD tw m nepnOAOM cne- 
AOBanwn r. ycunnTe/ib moluhoctm 5 ycumiaaeT 
paA^owMnynbCbi ao ypOBH«.Heo6xoAMMoro 

A^« C03A3HHA Hanpfl^eHHOCTH MarnnTHoro 

noon oko/io 10-20 l~c b o6cAeAyeMOM o6beMe. 
ycM/ieHHwenMny/ibCbJ nociynaiOTHa abtmmk 6. 

06WMHO A/>« C03A3Hl4fl MaTHHTHOfO HO/lfl MC- 
nO/lb3yKD'T KaTyiUXy MHAyKTHBHOCTH, bxoa«- 

my»o b pe30HancHWM KOHTyp. C icoHTypa 
AdTMiika 6 npuHflTwPi curna/i HKP nocTynaeT 
Ha npweMHoeycTpoPiCTBo (fiy)7. Ha fly nocTy- 
naibT Taxxce ABa onppnbtx HanpjJxeHMfl c sa- 
ctotoh to. OT/in4a»ou4Mecfl no (J>ase Ha 90°. fly 
7-ocyunecTBA«eT ycn/ienne. AereKTupOBaHne m 
4>n/ibTpauiiK) npuHAToro HKP-curHaAa. C Bbi- 
xoaob KBaAPaTypHbix KanapoB fly 7 9KP-cnr- 
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nan nociynaeT Ma YYOA 8, KOTopoe ocymecT- 
B/)»eT aHanoro-UM<t)poBoe npeo6paaoBdHue 
m KorepenTHoe cyMM wposaH we cwrHa/ioa. 
Ho OKOHsaHMM nocneAOBaTe/ibHOCTw MMny/ib- 
cob WOA 8 npow3BOA*T o6pa6oTKy Haxon- 
ziftHHoro cMmana w cpaBHeHwe pe3y/ibTaTa 
o6pa6oTKw c noporoM, ee/iwHWHa KOToporo yc- 
TaHaB/iMBaeTCfl mcxoa* ^3 Tpe6yeMux 3Hane- 
hmw QepoflTHOCTew nponycKa w /iokmoto 
cpa6aTbiBdHMA. ripn npeBWUieHMM noporoeoro 
3H3M6HMR yyOA 8 Bbipa6aTbiBaeT cwma/i, yxa- 
3WBaK)U4nPi Ha na/iwMwe BB b o6c/ieAyeMOM 
npeAM^Tie a/i» 6/iOKa cwrHa/iw3auww 9. 

Cnoco6, nanpuMep. npw o6Hapy>KeHHM 
reKcoreHa, ocymecTB/iHeTCfl c/ieAywmwM or> 
paaoM. 06c/ieAyeMww npeAMeT noMetuaiOT b 
KaTy.Qj.Ky AaTMwxa, 06/iyMaiOT noc/ieAOBaTe/ib- 
HOCTbK) paAMOMactoTHbix MMny/ibcoB Twna 

o o 
(P° - T) n (rAeP° - MMny/ibc c Hy/ieeow <t>330W, 
Jj^ ?}C Pmoa c neAOB an wj^ HMny /ibCOB. n - ko/w- 
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necTBo HMny/ibcoB b nocneAOBaTe/ibHocTw), c 
MacTOTow 3ano/iHeHw» f 0 15 34 10 kTi^ npow3BO- 
a*t KbrepeHTMoe HaKonneMne HKP-cwrHa/ia. 
no OKOHMaHMM o6/iyMeMMfl npow3BOAflT Oypbe- 

npeo6poa30BaHwe [OU) HaxonneHHoro cwrHa- 
na. BWHMC/ieHne MHTerpa/ia ot MOAy/»« O'n w 
cpa bhhb3K)t no/iyneHHbe 3H3HeHwe c noporo- 
BWM 3HdMeHweM. BennMUHa KOToporo ycTdHBB- 
nviBaeTCfl wcxoa* H3 saAanMbix BepbflTHocTew 
/ioxhoto o6Hapy^<eHiifl <7 w nponycxa 33- 
K/iaAKu /? AAA AdMHoro KOAnwecTBa MMnynb- 
cob n. Ec/iM npn nepeoM o6/iyMeHww 
BennHUHa nopora He npeBbiiueHa. npowaeo- 
aat BTopoe o6nyMeHne Ha tow *e nacTCTe no- 



n/2 



cneAOBaTe/ibHOCTbK) (P° - r 
KorepeHTHoe H3Kon/?eHne cwrna/ia tnpw 3tom 
otk/imkw nocne HeMejHwx MMny/ibcoB cx/iaAu- 
BaiOTCP c no/io>KiiTe/ibHWM 3H3KOM, a noc/ie 
neTHwx MMny/ibCOB CK/iaAwBa*OTCft c GTpwqa- 
TeAbHWM). OH HaKon/ieHHoro cwrHa/ia; KHTer-. 
pupoaaHne no/iyne-MHOTO cnexTpa w 
AOno/iHUTenbHoe cpsBHeHwe fionyneHHoro 
3HaHeHM9 c TeM *e noporoBbiM 3H3MeHneM. 
Ecnw n noc/ie BToporo o6/iyMeHn» Be/mnwHa 



nopora He npeBuwena, npwHWMaeTca peiue- 
Hwe 06. OTcyTCTBMM BB b o6cneAyeMOM npeA- 
Meie. Pewenwe o Ha/iwMww 3axnaAXM BB 
npnHMMaeTc« b c/iyMae npeawweHw* nopora 
5 xotb 6w b oahom W3 Asyx o6/iyMeHww. 

npoBeAennwe cpaBHWTenbHbie o6cneAo- 
BdHMn no AdHHOMy cnoco6y w no npoTOTwny 
noica3a/ivi npenMymeCTBO AanHoro cnoco6a. B 
sacTHOCTM. npn npoBeAeHMw o6cneAO bbhh^ 
Ha HayiMMwe rexcorena npw Macce aax/iaAKvi 
10 r, o6beMe o6cAeAyeMoro npeAMeTa 4 am 3 . 
MacTOTe aano/ineHMfl MNiny/ibcos fo tt 3410 kFh 
nepwoAe cneAOBaHMR MMny/ibCOB r = 550 mkc 
BpeM» o6cneAOBaHMP b Hecxo/ibiuix 3aMepax 
!5 cocTaBM/io b cpeAHeM 7.8 c Ha oamh npeAMeT. 

fTpw 3TOM 06eCneMMBa/lMCb 3H3MeHHfl aepoflT- 

HocTew a -» 0.05 v\ft - 0.05. B M3MepeHMflx no 
M3aecTHOMy cnoco6y BpeMn paaHqnocb 102 c. 
TaxtiM o6pa30M, AaHitbiM cnoco6 no3BO/inn 
20 coKpaTHTb BpeMH o6c/ieAOBaHnn 6onee neM 

B--1-3-pa3r 



O0PMyA8.M'306 peTeNMR 

Cnoco6 o6HdpyxeHkin B3pbt6HaTbix Be- 
iMecTB c Mcno/ib30BdHueM. flAepHoro'KBdApy- 

2^ nonbHoro pesonaHca (flKP), bk/hom3K)immm 
o6nyneHne o6c/ieAyeMoro o6beKT? na nacTOTe 
71KP MHoroMMny/ibCHOi^ nocneAOB3Te/ibHO- 
CTbK). KorepeHTHoe HaxonneHHe ^KP-curna/ia. 
o6pa6oTKy HaKonnenHoro cwrHana h cpaBHe- 

30 Hue no/iyneHHoro pe3y/ibT3T3 c noporoBbiM 
3HaMeHneM. o t /i n h a io m n iii c n TeM. mto, c 
qe/ibK5 noBbnueHMfl SKCnpeceHOCTM npn oaho- 

BpeMeHHOM COxpaHeHMM AOCTOBepHOCTM 06- 

HspyxeHns. npow3BOA«T Aono/iHiiTenbHoe 
35 o6/iyMeHne o6bexTa MHbrowMnynbCHOM noc/ie- 

A0B3Te/lbH0CTbK).C TOM X6 H3CTOTOM 33nO/lHe- 

hmh paAHOMMny/ibcos. npn stom <paza 
paAwoMacTOTHorb 3ano/iHeHMfl seTHux m/im He- 
neTHbix MMny/ibcoB b oahom M3 nocineAOBa- 
^0 Te/ibHocTew ot <J>a.3bi seTHbix m/im HeweTHwx 
MMny/ibCOE b Apyow na 180°, a bwboa o npw- 
cyTCTBuw BapbiBwaTbix aeu^ecTB a£/i3K>t npii 
npeBwaienviM no/iyMenHoro pe3yAbTaTa Be/in- 
HMHbi noporoBoro 3HaMenMfl b oahom M3 o6/»y- 

^5 HeHMM. 
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(21) 4935759/25 
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(46) 30.07.93. Bulletin N 28 

(71) Institute of Applied Physics 

(72) V.G.Kuznetsov and S.D.Koblev " 

(56) G.B. application N 2057135, G 01 N 24/08, publ. 25.03.81. Hirschfeld T, Klainer 
T.M. Short range NQR measurements. J.of Molec.Struct. 58, 1980 p 63-77 

(54) METHOD OF DETECTING EXPLOSIVE SUBSTANCES USING NUCLEAR 
QUADRUPOLE RESONANCE 

(57) Application: 

This method is intended for Customs inspection, when it is necessary to detect explosives 
concealed inside small packages. 

The essence of invention: a sample to be investigated is irradiated with two multi-pulse 
sequences which differ in the phase of the RF carrier frequency; the resulting signal is 
accumulated and processed. 1 illustration is attached. 

This method is intended for detecting hidden explosives and can be used during customs 
inspection, in criminalistics and in other cases when it is necessary to detect the presence 
of explosives inside objects without breaking the exterior casing. 

The purpose of this invention is shortening the time of detection processes without 
decreasing the rate of true detection. 

Fig.l shows the structural diagram of the prototype of the device, which implements the 
suggested method. 

The prototype of the device shown in Fig 1 works as follows. The frequency synthesizer 
(FS) 1 (for example, of the M6-31 type) generates oscillations with the frequency 2f 0 , 
comparable to the double NQR frequency of the explosive substance, which are 
conducted to divider device 2 made with triggers. From the outputs of divider 2 the 
oscillations having frequency f 0 and phases q> = 0° and <p = 180° are transmitted to 
multiplexer 3 which transmits to the output the oscillations with one of the phases 
depending on the controlling signal generated by control and processing device (CAPD), 
which was represented by a PC of IN-1200 type (France). RF pulse generator 4 on 



command from CAPD forms a sequence of coherent radio pulses with the duration t w and 
the pulse separation t. The power amplifier 5 amplifies radio pulses to the level required 
to create magnetic field with the intensity of about 10-20 Gauss in the studied volume. 
The amplified pulses are conducted to the detector 6. Usually to create magnetic field an 
inductance coil included in the resonance circuit is used. From the circuit of detector 6 
the NQR signal is transferred to the receiving device (RD) 7. Two reference voltages 
with frequency & which differ in phase by 90° are also transmitted to the RD. RD 7 
effectuates the amplification, detection and filtering of the received NQR signal. From 
the outputs of the quadrature channels of RD 7 the NQR signal is transmitted to CAPD 8, 
which accomplishes the analogue-to-digital conversion and coherent summation of the 
signals. After the end of the pulse sequence, CAPD 8 processes the accumulated signals 
and compares the results with the reference value set based on the requirements for the 
probability and false alarm rates. When the reference value is exceeded, CAPD 8 
generates a signal for alarm unit 9 indicating the presence of explosive substances in the 
studied volume. 



For example, this is how the method can be applied for detecting RDX. The studied 
object js placed inside the detector coil and irradiated with RF pulse sequences of the 

P ^ D 0 

(-r - T ) n type (where r is a pulse with zero phase, x is the pulse separation and 

n is the number of pulses in the sequence), with the carrier frequency f 0 = 3410 kHz, the 
NQR signal is coherently accumulated, then the Fourier transform of the accumulated 
signal is made, the integral for the FT module is calculated and the received result is 
compared with the reference value whish was set considering the required probability rate 
p and false alarm a for the given number of pulses n. If after the first irradiation the 
reference value was not exceeded, a second irradiation is undertaken at the same 

0 1 80° 

frequency with the sequence ( P -x - P -x - ) n/2 , coherent signal accumulation 

is performed (the response from the odd pulses added up with the positive sign, and from 
the even pulses - with the negative), Fourier transform of the accumulated signals is 
accomplished, integration of the received spectrum and an additional comparison with the 
same reference value is made. If the second comparison also shows that the reference 
value was not exceeded, it is concluded that no explosive substance was detected. If the 
reference value was exceeded even once, it is concluded that the explosive substance is 
present. 

The comparative study of this method and the prototype method demonstrated the 
advantage of this method. In particular, when detecting a lOg RDX sample in a 4 dm 3 
volume, with carrier frequency f 0 =3410 kHz and pulse separation x=550 jisec, the 
average time required for examining the sample calculated after several tests was 7.8 sec 
per sample. Therewith the probability rate were a=0.05 and (3=0.05. In the prototype 
method measurements the detection time was 102 sec. Thus, the given method permits to 
make the detection time more than 1 3 times shorter. 



Formula of invention 



The method of detecting explosive substances using the nuclear quadrupole resonance 
(NQR), which includes irradiating of the examined object at its NQR frequency with a 
multi-pulse sequence, the subsequent coherent accumulation of the NQR signal, 
processing the accumulated signal and comparison of the obtained result with the 
reference value; it is different from the other method by the following: to decrease the 
time of detection and to preserve the accuracy rate, an additional irradiation of the object 
with a multi-pulse sequence is undertaken. The carrier frequency of this sequence is 
similar to the carrier frequency of the first sequence, with the phase of the RF carrier 
frequency of the odd and even pulses in one of the sequences different from the other 
frequency by 180°, and the conclusion about the presence of an explosive substance is 
made if the reference value is exceeded after at least one of the irradiations. 
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